Pertussis, or whooping cough, is a highly contagious disease caused by the bacteria Bordetella pertussis. The disease is characterised by paroxysmal cough, inspiratory whoop and post-tussive vomiting. 1 Pertussis is transmitted via direct contact with discharges from the respiratory tract of infected individuals (probably via droplets), and the incubation period is 9-10 days on average. 2 A secondary attack rate of 90% has been recorded in non-immune household contacts. 2 Worldwide, the incidence of pertussis has been reported to be highest in children under 5 years, except where infant vaccination programs have achieved consistently high vaccination rates. 2 In NSW, there have been several changes to the immunisation schedule affecting pertussis vaccination in recent years. From 1985, a combined whole cell diphtheria, tetanus and pertussis vaccine (DTPw) was included in the immunisation schedule at ages 2, 4 and 6 months, with a booster at 18 months. 3 In 1994, a fifth dose was introduced Methods: Surveillance data from the NSW Notifiable Diseases Database was reviewed for the period. Results: 35695 cases of pertussis were notified; annual incidence rates varied from 18.4 to 84.2 per 100000 people. The highest rates of pertussis were consistently found in infants aged 0-6 months. Rates of disease in other age groups changed markedly over the study period, with high rates currently observed in adult age groups. Conclusions: New strategies may be needed to control pertussis in infants and in adults who now comprise the largest proportion of cases.
into the schedule, which was given before school entry (at 4-5 years). In 1997, the fourth and fifth doses of DTPw were replaced by an acellular formulation (DTPadiphtheria, tetanus, acellular pertussis) and in 1999, all five doses were given as DTPa. 4 In 2004, an adolescent booster vaccine (dTpa -diphtheria, tetanus, acellular pertussis) was introduced for 15-17 year olds and in NSW this was offered to all 11-18 year olds as part of the school based immunisation program. Also in 2004, the booster for 18 month olds was no longer recommended. 3 Under the NSW Public Health Act 1991, cases of pertussis are notified by doctors, hospitals, laboratories, schools and childcare facilities. 5 Prior to January 2006 public health unit staff routinely followed up all reported cases of pertussis; since January 2006 only cases aged less than 20 years are investigated.
We conducted a descriptive study to assess the impact of changes to vaccination policy on pertussis epidemiology in NSW.
Methods
We reviewed surveillance data from the NSW Notifiable Diseases Database (NDD) for the period 1 January 1993 to 31 December 2005. For our review, a case of pertussis was defined according to the national case definition. 6 Annual notification rates were calculated using mid year population estimates from the Australian Bureau of Statistics. Notification rates and frequencies were calculated using SAS (version 8.2 SAS Institute, Cary, NC, USA). Cases were analysed by date of onset, method of diagnosis, area of residence, age group, gender and mortality. Data on mortality were taken from NDD. Age groups analysed were: 0-6 months, 7-11 months, 1-4 years, 5-11 years, 12-17 years, 18-24 years, 25-44 years, 45-64 years and 65 years and older. Age groups were chosen to reflect ages at which vaccination occurs and stages of adulthood.
To assess the impact of changes in vaccination policy on age specific disease incidence, the above case characteristics were compared over 5 time periods: (1) before the introduction of the fifth dose (1993-94) (2) after the introduction of the fifth dose (1995-98) 
Results
From 1 January 1993 to 31 December 2005, a total of 35 695 cases of pertussis were reported in NSW (an average of 2746 cases each year). Fig. 1 Table 1 displays the number of pertussis cases and incidence for the five periods studied, and also provides these figures by gender, age group, method of diagnosis, location of residence and number of deaths. Fig. 2 displays the incidence rates of pertussis per 100 000 people for six age groups by the study periods, and Fig. 3 displays the proportion of pertussis cases by age group and study period. These results are further described below.
1993-94
In the 1993-94 period, 2938 pertussis cases were notified (incidence rate, 24/100 000). The highest notification rates were in infants aged 0-6 months followed by infants aged 7-11 months and children aged 5-11 years. The lowest notification rates were in those aged 65 years and older. The predominant method of diagnosis was serology. No deaths were recorded during this period.
1995-98
Between 1995 and 1998, 9078 cases of pertussis were notified (incidence rate, 35.9/100 000). The highest notification rates were in infants aged 0-6 months, followed by primary school age children (5-11 years), and adolescents aged 12-17 years. Compared with 1993-94, rates in all adult age groups increased, rates in school age children increased (by approximately 50%) and rates in infants aged 7-11 months decreased. Rates in children aged 1-4 years old showed almost no change. In 1995-98 the predominant method of diagnosis was serology. Five deaths were recorded in infants aged less than 12 months of age, two of whom were less than 1 month old. 7 
1999-2003
Between 1999 and 2003, 14 317 cases of pertussis were notified (incidence rate, 43.1/100 000). The highest rates were in infants aged between 0-6 months, followed by adolescents and primary school age children. Compared with 1995-98, rates in children aged 5-11 years decreased by 38%. Rates in children aged between 1-4 years and in infants aged between 0-6 months also decreased, and rates in cases aged over 11 years increased, mainly in 12-17 year olds (by 109%). Two-thirds of cases were diagnosed by serology and 12% were diagnosed by both polymerase chain reaction (PCR) and culture (PCR was introduced as a diagnostic method in 1999). Three deaths were recorded; one in a 2-month-old infant and two in adults aged 75 and 78 years.
2004
In 2004, there were 3563 cases of pertussis (incidence rate, 52.3/100 000). The highest rates were in infants aged 0-6 months, followed by adolescents and adults aged 45-64 years (for the first time, rates in an adult age group became the third highest). Rates in other adult age groups also increased, most notably in adults aged 65 years and over, where rates increased by 134%. Just over threequarters of notifications were diagnosed by serology and 
Discussion
The age distribution of pertussis notifications in NSW changed over the study period. In 1993-94, approximately one-third of cases occurred in adults, by 2005 this had increased to almost 90% (Fig. 3) . The incidence of pertussis in children aged less than 12 years declined, except for 0-6 month olds where there was a slight increase ( Fig. 2) . This increase occurred despite the introduction of a fifth dose, an adolescent booster vaccination and the introduction of acellular vaccinations.
Infants aged 0-6 months are at greatest risk of pertussis because they are partially immunised; for example, the effectiveness of acellular pertussis vaccines in preventing hospitalisation of children aged 2-32 months has been demonstrated to be 68.1% after one dose of vaccine, 91.8% after the second dose, and 99.8% after three doses. 8 In addition, the protective efficacy of three doses of acellular vaccine is approximately 84%. 9 Higher rates observed in infants in 2005 may reflect epidemic activity; pertussis epidemics typically occur every 3-4 years in NSW and the last recorded epidemic was between 2000-02. 10 Higher rates in infants may also be due to infants being infected by older adults. Rates of pertussis have increased in all adult age groups aged 18 years and older. There was a decrease in rates in high school aged children (12-17 years) after the introduction of the adolescent school-based immunisation program in 2004.
In countries with high immunisation rates, a greater proportion of pertussis cases are now presenting in adults and adolescents. 1, 11, 12, 13 In the United States from 1994-96 to 1997-2000, incidence rates in adolescents and adults increased by 62% and 60%, respectively. 14 In Canada from 1993-98, the proportion of pertussis cases in adults steadily increased 15 and in 2000 for the first time in two decades, 10-14-year-old children represented a larger proportion of cases (34%) and had a higher incidence of pertussis than infants or preschool age children (13%). 15 In Europe, recent pertussis infection was found to be significantly more likely in adults and adolescents in countries with high immunisation rates. 12 A trend towards pertussis occurring in older age groups has also been documented in NSW in the Hunter/New England Area Health Service. 16 Despite high vaccination rates in many countries, pertussis continues to circulate. 20 Reasons for this include: waning immunity following both natural infection and immunisation, 11, 20, 21, 22 The increase in pertussis in adolescents and adults in NSW is of concern because they may serve as reservoirs of infection for partially immunised infants. 13, 20, 21, 25 In studies from the United States, 26 France, 27 adolescents with a coughing illness of at least 1 week's duration have pertussis. 30, 31 This proportion may change depending on the nature of pertussis activity at the time; during pertussis epidemics this may be higher than at other times. Unpublished NDD data on 15 NSW children aged under 12 months indicates that although for half the source of infection was unknown, an adult was identified as a potential source of infection in 13% of cases and young children in 33%. No adolescent was identified as a source.
In recognition of the rising incidence of pertussis in adolescents and adults, and the role they may play in transmission to infants, 17 Australia, Austria, Canada, France and Germany have incorporated an adolescent booster into their immunisation schedules, 18 and it is now recommended in the USA. 19 There are several limitations to this analysis. First, laboratory notification of pertussis began in 1991 and data quality may have improved over time, therefore later data may be more complete than earlier data. Second, following substantial increases in pertussis notifications based on serological testing in 2005, a review of the antibody test was carried out. 32 The reviewers concluded that the use of the antibody test was likely to have resulted in over diagnosis of pertussis. 32 In 2005, 85% of cases were diagnosed using serology and there may have been an over diagnosis of pertussis in this year, particularly in adults.
Serology as a diagnostic method is not recommended in children less than 2 years of age due to its low sensitivity in this age group. 5 PCR, however, is largely replacing culture for the diagnosis of pertussis. 5, 33 Because PCR and serology are more likely than culture to be positive in both adults and older children with pertussis, the increased availability and use of PCR and serology may contribute to an increase in pertussis cases that may have otherwise been undiagnosed. 11, 33 In NSW, pertussis may now be regarded as a disease primarily of adults although the severest outcomes remain for infants and potentially the elderly. One-third of cases in 2005 occurred in people of childbearing age, and this may pose a risk to unimmunised infants. Rates in adults increased 5-13 fold over the study period, and have increased the most in adults aged 45-64 years; this is of concern as these people may be providing childcare for children or grandchildren. A lack of natural boosting due to less exposure to pertussis may contribute towards waning immunity in adults. 31 Females now comprise 60% of cases and, in their roles as mothers and grandmothers, may pose a risk to infants. Females also make up a large proportion of the health care and childcare workforce, thereby potentially posing an additional risk to infants in child care or health care settings. More data would be useful on the source of infection for infants aged less than 12 months in NSW to assess the impact of adolescent vaccination on those infants. In unpublished NDD data, the source of infection in over 50% of cases aged less than 12 months in 2006 was unknown.
The National Health and Medical Research Council recommends a booster vaccine for: adolescents; adults before planning pregnancy or as soon as possible after delivery of an infant; adults working with young children (especially for child care workers and health care workers); and adults who express an interest in receiving a booster dose of dTpa (provided that they have received a full course of DTP). 34 Further, the NSW Department of Health policy states that all employees and other clinical personnel who have contact with clients should receive a dose of an acellular pertussis containing vaccine. 35 
Conclusion
Rates in infants aged less than 12 months, who are at greatest risk of severe disease and death, have not decreased over the thirteen year study period despite changes to the immunisation schedule. Other strategies may be required to effectively control pertussis in this age group. Vaccination of adolescents in the school based immunisation program may continue to influence rates of disease in infants, 36 but strengthening of immunisation in new parents, 37, 38 child care and health care workers, 37 adults planning a pregnancy 37 as well as grand parents, should be considered further to both decrease rates of disease in infants and reduce morbidity in adults.
